SUMMARY The aetiology of rotavirus and adenovirus in acute gastroenteritis was studied in a prospective series that comprised 283 children admitted consecutively with diarrhoea during a 1-year period. Rotavirus was associated in 49 % of the cases by solid-phase radioimmunoassay and electron microscopical examination of stool specimens, or by serology. Adenovirus was detected by radioimmunoassay in the stool specimens of 29 (11 %) patients, including 8 cases of possible dual infection with rotavirus. Rotavirus infections showed a typical age distribution and seasonal clustering, between January and June, whereas the adenovirus-associated cases did not form a distinctive subgroup. Enteropathogenic bacteria were found in 10% of cases, and were nearly as common in association with rotavirus infection as not. Respiratory symptoms accompanied diarrhoea in 34 % of the patients with rotavirus and in 25 % of those with neither rotavirus nor adenovirus. Therefore we could not confirm the existence of a 'rotavirus syndrome', nor could we confirm an association of respiratory symptoms with rotavirus infection. Use of antibiotics before the onset of diarrhoea was more common among those with non-viral diarrhoea (23 %) than in the rotavirus group (13 %). Rotavirus infections appeared to be common among cases of 'antibiotic-induced' diarrhoea.
Since its discovery in 197312 rotavirus has been well documented as a causative agent of infantile gastroenteritis.4 Occasionally rotaviruses are encountered with other enteropathogens, but their significance in such dual infections is unknown.5 Also uncertain is the role of rotaviruses in the aetiology of respiratory symptoms often associated with rotavirus diarrhoea.68
Interest in adenoviruses as significant enteric pathogens in children has recently been revived.9 Electron microscopy (EM) has contributed a great deal to this increased interest, since adenoviruses are found in the stools more often by EM than by isolation'0 1' and there now appear to be several types of new 'noncultivable' adenoviruses.12 Again, the association of the virus in the faeces with the disease is questionable. Adenoviruses may be found in the stools in the absence of diarrhoea, with or without respiratory symptoms.13 14 Adenoviruses have also been found in diarrhoeal stools in combination with other enteropathogens.5
In the present study we have used the newly developed solid-phase radioimmunoassay (RIA) techniques which are sensitive and specific for the 264 detection of rotaviruses'5 and adenoviruses28 in stools. We have studied the presence of rotavirus and adenovirus by these methods, and by viral serology, during a 1-year period in children admitted to hospital with diarrhoea. Additionally, bacterial enteropathogens were searched for from the same patients. We have specifically monitored respiratory symptoms during the diarrhoea and we recorded the use of antibiotics so as to correlate these factors with the aetiology of diarrhoea.
Materials and methods
Patients. The study group comprised 283 children admitted consecutively for diarrhoea to this hospital during a period of one year (1 December 1977 to 30 November 1978). The patients were chosen if they had diarrhoea on admission, irrespective of other concomitant diseases. Children who had been treated with antibiotics before the onset of diarrhoea were included too. Those who developed diarrhoea while in hospital were termed nosocomial infections and were excluded from the study. If a child was admitted for a second time with diarrhoea he was regarded as a new entry; there were 9 such cases. Three children found to have non-infectious causes of diarrhoea (cows' milk intolerance, bleeding Meckel's diverticulum, and Crohn's disease) were excluded. So finally 280 children were studied.
The parents were asked about the duration of symptoms before the admission, and about the use of antibiotics. Any sign of respiratory infection was registered by nurses in charge of the patient. The diagnosis of otitis media in any patient in hospital was confirmed by middle-ear aspiration. After discharge, the patients were seen again by one physician (M M) at about 4 weeks, and the parents were asked about any illnesses during the interim period.
Specimen collection and storage. Between 1 and 3 stool specimens were collected from each patient every 2 days if possible. No stools for viral studies were obtained from 7 children, but the patients were included in the series for the sake of completeness. Convalescent stage stool specimens were collected from 193 children 4 weeks after discharge from the hospital. All the specimens for viral studies were kept at -200C and tested retrospectively under code for rotavirus and adenovirus antigens by RIA. Any stool that was positive in RIA, or by serology using a complement-fixation (CF) test (see below), was further studied by EM for the presence of rotavirus and adenovirus particles. Stool specimens for bacteriology were taken to the laboratory in transport medium and were generally cultured the same day.
Serum samples were obtained at the acute stage on the first weekday in hospital and again at the convalescent stage 4 weeks later. Convalescent sera were not obtained from 22 children, but the children are included in the total number of patients.
Solid-phase radioimmunoassay. The solid-phase RIA for rotavirus has been described in detail.15 In Rotavirus-associated diarrhoea. Epidemiologically the rotavirus-associated cases formed a fairly distinct subgroup (Figs 1 and 2 ). The epidemic season lasted from January to June with a few cases between July and October. There was only one case in an infant aged less than 3 months, and the infection was rare up to 6 months. The peak incidence was between 7 and 12 months, and rotavirus diarrhoea remained common up to age 3 years.
Most children with rotavirus diarrhoea showed seroconversion by CF test with NCDV ( Table 1) . The seroconversion rate in the RIA-positive cases was 85%. In only 8 of the 104 RIA-positive cases was there no detectable CF antibody, and in 3 others the CF antibody titre did not change. Therefore most of the rotavirus-associated cases appeared to be primary infections. The CF antibody titres in the convalescent sera were generally low (Fig. 3) There was some clustering of the adenovirusassociated cases of diarrhoea in the spring (Fig. 1) . Eight out of the 20 cases (Table 3) (Table 5 ). This figure does not include rotavirus serology or adenovirus serology in cases with demonstrable adenovirus in the stools. As the specimens were collected at 4-weekly intervals it was not possible to ascertain whether the serological diagnoses resulted from a concomitant infection or from a second illness in the meantime. Adenovirus infections occurred most frequently (18 cases); in addition, parainfluenza virus, respiratory syncytial virus, herpes simplex virus, and M. pneumoniae were diagnosed. These serological diagnoses of respiratory viruses were evenly distributed between rotavirus-associated and non-rotavirus, non-adenovirus-associated cases of diarrhoea. There was only one case of enterovirus infection demonstrable by a significant rise in coxsackie B5 virus antibodies. Association of diarrhoea with other clinical conditions. Clinical signs of respiratory tract infection were present at admission or during the duration in hospital in almost one-third of all patients with diarrhoea (Table 6 ). Otitis media was observed quite often, in about 20 % of the cases. There was no clear difference between the viral and the assumed nonviral cases of diarrhoea in this respect. A small proportion of the respiratory symptoms could be explained by another respiratory virus infection detectable using CF antibody response. There were 5 serological diagnoses among the rotavirus group of diarrhoea with respiratory infection, 1 in the corresponding adenovirus group, and 11 in the nonrotavirus, non-adenovirus group.
Altogether 54 children were receiving or had received antibiotics within 3 days before the onset of diarrhoea. This 'antibiotic-induced' diarrhoea occurred somewhat more often among the nonrotavirus, non-adenovirus-associated cases (23 %) than in the viral diarrhoea group (13 % for rotavirus, 24 % for adenovirus). Conversely it can also be said that many allegedly antibiotic-induced cases of diarrhoea were in fact associated with, and probably caused by, rotavirus or adenovirus.
Discussion
Since the discovery of rotavirus there have been several studies on infantile gastroenteritis looking for both viral and bacterial enteropathogens.47 10 18-23 It was hoped that this investigation would be a comprehensive study of diarrhoea of children in hospital. We believe that the diagnostic recovery was thorough as we used sensitive methods for rotavirus and adenovirus in the stools, the viral studies were complemented by serology of paired sera, and most recognised non-viral enteropathogens were searched for by adequate methods.
Rotavirus diarrhoea appears epidemiologically to form a distinct entity, and this was observed in the present study. Rotavirus was present in 49 % of the cases, which is one of the highest figures to be reported in a 1-year study of children. It is unlikely that many cases were missed as we used both serology and faecal examination by RIA. RIA had previously been found to be more sensitive that EM for the detection of rotavirus in the stools.28 There was a very good correlation between RIA for rotavirus in the stools and serology by CF of paired sera, confirming previous observations on the correlation between EM of stools and serology by CF using NCDV as antigen.24 Serological studies complemented the examination of stools by RIA or EM and showed additional cases of rotavirus infection. The relatively long period (about 4 weeks) between the acute and convalescent stage specimens apparently allowed these children to develop detectable antibody responses. 18 The finding of peak incidence of rotavirus diarrhoea between 7 and 12 months of age is in accordance with previous studies.6 7 19 24 The epidemic season lasted until June, which is later than in reports from countries with more temperate climates-such as USA. 14 The replication of rotavirus is probably limited to the small-intestine,25 26 Finally, one should comment on the 92 (35%) cases of diarrhoea with adequate specimens for viral and bacterial studies but with no demonstrable aetiological agent. These probably form a heterogeneous group. Stool viruses other than rotavirus and adenovirus were not fully covered in this study, but they were not encountered by EM in specimens that had been found positive for rotavirus or adenovirus by RIA. Among these unresolved cases there may also be bacterial diarrhoeas which so far are elusive and this group includes 'true' cases of antibioticassociated diarrhoea, whatever the pathogenic mechanism is. Another explanation for the aetiology in some cases may be 'parenteral' diarrhoea associated with other infections-such as otitis media, pneumonia, or urinary tract infection by a hitherto unknown mechanism.27 diarrhoea.
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